This paper reports on an empirical study that investigates the effects of the personality trait of neuroticism on the academic performance of students who practiced pair programming during one academic semester. The experiment was conducted at The University of Auckland involving 270 first year undergraduate students enrolled in an introductory programming course. In this study, we hypothesized that neuroticism or lack of 'emotional stability' potentially affects pair students' academic performance. However, from the analysis of our results we found lack of evidence to support this. A correlation analysis showed significant positive associations between the conscientiousness personality trait and almost all performance criteria, thus corroborating evidence reported in the educational psychology literature.
INTRODUCTION
Pair programming (PP) involves teams of two people developing software where one acts as a driver, the other an observer [57] . Since its advent many educators have trialed and endorsed its use in educational settings, most often in courses focused on learning to program or improving programming skills [56] , [34] . A number of factors have been explored in terms of both pair formation and influences on the pair performance during PP [28] , [55] .
The issue of personality in pair programming (PP) has been addressed in a number of studies (e.g. [55] , [13] , [50] , [23] , [47] ) where their central theme was to investigate the impact of personality on performance of teams and individuals practicing PP. Since PP is a practice involving social interaction between two people collaboratively working closely together to solve programming and/or design problems, one can argue that its effectiveness can be potentially affected by human-related factors such as personality [22] , [50] .
In reviewing the literature of PP in the higher education context, we found evidence that the results of previous PP studies were inconsistent in terms of the effect or influence of personality towards pairing effectiveness [47] . These could be due to the differential set of instruments and personality frameworks used to measure personality, and the variation in the studies' context thus making it difficult to generalize the results.
The present study is an extension of our previous work [46] , where we have investigated the effects of personality from the perspective of the five-factor personality model (FFM), with first year Computer Science students practicing PP in an introductory programming course. The main motivation behind that work was to look at the effect of FFM on PP, given that it had not yet been previously investigated at length particularly in teaching or academic settings.
In the present study, we focused on the neuroticism factor, which is one of the FFM's personality factors reported to have a prominent role in learning and educational context [45] . Neuroticism relates to the level of emotional stability, where high neuroticism reflects a person's negative disposition such as feeling anxiety, hostility, or self-consciousness [14] . In contrast, a person who is low in neuroticism exhibits a more resilient character represented by being composed, calm, and rarely discouraged [41] . Therefore, the aim of this study is to investigate whether or not neuroticism plays a role in differentiating the performance of students who pair programmed throughout one academic semester.
The key contribution of this paper is to add empirical evidence regarding the effects of the neuroticism personality traits towards paired students' academic performance. This will increase our understanding on the potential effects of personality towards PP's effectiveness as a pedagogical tool in Computer Science/Software Engineering (CS/SE) education. These results can also be used to better inform teachers about the implications of personalities on team and academic performance when employing PP, such that their team formation approaches are influence accordingly. Finally, we also believe it would be a useful addition to guide future research in PP team composition.
The remainder of this paper is organized as follows: Section 2 presents an overview of related work and motivation for this study. Section 3 describes briefly the five-factor personality model, followed by Section 4, where the research methodology of our formal experiment is described. Section 5 presents the experiment's results followed by a discussion in Section 6. Finally, Section 7 concludes our work.
MOTIVATION AND RELATED WORK
In more than a decade of research, researchers have investigated PP and its usefulness and effectiveness in both academic and industry settings [22] , [47] . In an academic context, studies reported that PP is shown to benefits students learning outcomes in a number of ways. For example, PP is reported to help increase Computer Science students' retention rate [35] , improve the course completion rate [34] , increase performance in assignments [21] , [36] , and enhance students satisfaction and confidence level in learning programming subjects [36] , [57] .
These benefits however do not come without a cost. The two major issues frequently highlighted in the PP literature that hinder its effective implementation in higher education contexts are scheduling conflicts [15] , [25] ; and partner incompatibility [24] , [32] . Such incompatibility issue might be related to psychosocial aspects such as personality and gender differences [52] , [12] . Finding a compatible or matching partner is a challenge and considered a complex issue not only in academia but also in industry [51] . A recent survey by Microsoft researchers has identified "personality conflicts" as the third major problem in PP, as perceived by the developers [5] . Understanding how personality affects or relates to PP's effectiveness is therefore an important aspect that motivates us to carry out the research described herein.
In assessing personality, the Myers-Briggs Type Indicator (MBTI) has been used in most existing PP studies in academic settings [47] . Others have used the Keirsey Temperament Sorter (KTS) [51] and most recently some studies have applied the bigfive or five-factor personality model (FFM) [23] , [46] , [48] . Although MBTI was found very popular and widely used in research in the computing and business domains, there is an emerging trend of research in CS/SE employing the FFM [23] , [54] , [46] , [48] . The FFM, which consists of five broad personality traits (detailed in Section 3) is considered a robust taxonomy of personality and reported to receive the most support by personality traits researchers and psychologists [3] , [8] . Such a growing acceptance of FFM has motivated us to employ this framework in our current study, and also in our previous work [46] , [48] .
Of the five PP studies [28] , [29] , [32] , [55] , [13] that investigated personality using MBTI, only one study reports that pairing works effectively for paired students with different personality types [13] . Another study by Sfetsos et al. [51] , which applied KTS, also suggests that pairs consisting of heterogeneous personalities performed better than pairs with the same personality type. Other studies report no significance effects of personality in PP [28] , [29] , [32] , [55] .
To date, empirical findings using the FFM report low support for the effects of personality in PP. For instance, Hannay et al. [23] report personality as only a moderate predictor for pair performance. They suggest that the performance of pair programmers may also be affected by other factors such as expertise, and task complexity. Other empirical study reported by Acuna et al. [1] investigated the relationship between personality, team processes, task characteristics, software quality and team's satisfaction in students' teams practicing Agile XP methodology. Their findings indicate that personality factor extraversion is positively correlated with software quality and teams with higher aggregate on agreeableness and conscientiousness achieved the highest job satisfaction [1] .
Our previous work [46] , [48] showed that academic performance was not significantly affected by differences in conscientiousness level among paired students; however results indicate a significant positive correlation between performance and the "openness to experience" trait. Conscientiousness was studied in our previous study because it is considered to be the most influential trait that can potentially affect academic success as well as team performance as reported in the psychology literature [9] , [42] , [3] .
Other than the conscientiousness trait, de Raad and Schouwenberg [45] proposed that the two other significant personality traits which are educationally important and relevant for higher education are neuroticism and openness to experience [45] . In a review of personality in learning and education, they mentioned that "particularly at the University level, highly neurotic students are probably handicapped as compared to low neurotics." (pg. 326) [45] . Thus we believe that these traits may play a role in determining performance of students who pair programmed.
In two longitudinal studies of two British university samples, the findings showed that neuroticism is negatively and significantly related to academic performance, particularly for examination marks [10] . Similar findings were reported in their replication study [11] , where the negative relationship between academic success and neuroticism was observed as a result of anxiety and impulsiveness traits. Contrary to this evidence, Komarraju et al. [31] report that "students who are keen on performing well may also experience some degree of anxiety about being successful" (pg. 50) [31] . Therefore, we perceived that researching aspects of neuroticism in PP seems relevant and applicable in our context, given that our aim is to help improve PP as an effective alternative pedagogical technique for CS/SE teaching.
Existing literature also report that a team consisting of low neuroticism members shows a greater ability to succeed [30] . Others also mentioned the positive correlation between 'emotional stability' and the subsequent team performance -(i.e. negative association between neuroticism and performance) [43] , [3] . This is because a team consisting of highly emotionally stable members are typically characterized as self-confident and secure and hence promoting team cooperation [30] , [53] , [3] . Consequently, teams consisting of higher variability (heterogeneous) on neuroticism may be detrimental to performance [37] .
THE FIVE FACTOR MODEL
The Five-Factor Model is a taxonomy of personality that is comprised of five broad personality traits -Openness to experience, Conscientiousness, Extraversion, Agreeableness, and Neuroticism [33] . Openness to experience describes intellectual, cultural, or creative interest. Conscientiousness is concerned with one's achievement orientation. People who are high on conscientiousness tend to be hardworking, organized, able to complete tasks thoroughly, and also reliable, whereas low conscientiousness relates to negative traits such as being irresponsible, impulsive, and disordered. Extraversion relates to the degree of sociability, gregariousness, assertiveness, talkativeness, and activeness [2] . Agreeableness refers to positive traits such as cooperativeness; kindness, trust and warmth, and people who are low on agreeableness tend to be sceptical, selfish, and hostile. Neuroticism refers to the state of emotional stability. Someone low in neuroticism tends to appear calm, confident, and secure, whereas a high neuroticism individual tends to be moody, anxious, nervous, and insecure [16] .
In comparison with MBTI, the FFM is a trait theory of personality, based on factor-analytic studies, whereas MBTI was developed based on Jung's theory of psychological types [18] . The MBTI categorizes individual behaviour into four dimensions of personality type: Extroversion (E) vs. Introversion (I), Sensing (S) vs. Intuition (N), Thinking (T) vs. Feeling (F), and Judging (J) vs. Perceiving (P) [39] , [40] . In terms of the scoring method used to measure personality, MBTI classifies an individual's personality into 1 of 16 different types using the combination of the four dichotomous preferences (e.g. ENFJ) [39] , while measures of the FFM sum the scores of each facet from each factor, using a likert-scale. Thus, MBTI uses a bipolar discontinuous scale, in contrast to a continuous scale used by the FFM. Our selection of FFM as a personality assessment framework was due to its comprehensive nature and its ability to capture the basic temperament and dispositional factors relevant to the educational context [45] . In terms of its validity and reliability, FFM is generally accepted by personality psychologists who suggest that such a broad trait of dimensions adequately represents human personality attributes [2] , [3] .
THE EXPERIMENT
The PP experiment described in this paper was conducted at The University of Auckland during semester 2, 2009. Participants were first-year students attending an introductory course for learning an object-oriented programming language in JavaPrinciples of Programming Course (COMPSCI 101). During this course, students learnt about basic programming concepts, and created a few small applications as part of their assignments. The formulation of hypothesis, the instruments and the experimental procedure used in this study are detailed in the following subsections.
Research Objectives
The PP experiment aimed to investigate the effect of the personality trait of neuroticism on the academic performance of students practicing PP throughout one academic semester. The rationale for using students as subjects was mainly due to the study's focus -to improve PP's effectiveness in an academic setting. The objectives of our experiment were outlined using the Goal/Question Metric template (GQM) [4] and the goal definition for the formal experiment is the following:
Object of study: PP technique.
Purpose: To improve the effectiveness of PP as a pedagogical tool in higher education institutions.
Focus:
To investigate the influence of neuroticism factors towards the success of the PP practice in CS/SE courses/tasks.
Perspective: From the point of view of the researcher
Context: In the context of undergraduate CS/SE students.
Hypothesis
Of the five personality constructs, neuroticism (or lack of emotional stability) is the factor that deals with feelings of anxiety, self-consciousness, impulsiveness, and vulnerability [45] , [14] . Evidence suggests that neuroticism is negatively correlated with academic performance due to the effects that traits that anxiety and impulsiveness have [11] . It should however be noted that there is some evidence from organizational psychology that in certain conditions anxiety and neuroticism may actually facilitate performance [8] . On a positive side, emotional stability is consistently related to self-efficacy, which in turn, affects performance [49] , [3] . Barick et al. [3] reports that teams comprising more emotionally stable members (i.e. low neuroticism) are likely to achieve higher performance when compared with teams that include even a single member who is emotionally unstable. Therefore, we posited that the level of neuroticism may influence the academic performance of students practicing PP. Therefore, we have investigated the following hypothesis in our experiment:
H_0: Differences in levels of neuroticism do not affect the academic performance of students who pair programmed.
Which is contrasted by the following alternative hypothesis:
H_A: Differences in levels of neuroticism affect the academic performance of students who pair programmed. Table 1 shows the categorization of pairs according to students' level of neuroticism. Pair (N High , N High ) denotes a pair combination where both students have high levels of neuroticism. Our experiment also looked into the relationship between a student's personality score with their academic performance, and their level of satisfaction and confidence when working in pairs. Academic performance was measured using tutorial exercises, assignments, a midterm test and final exam scores. Hence, academic performance was our dependant variable, and level of neuroticism (low, medium, high) our independent variable. The levels of satisfaction and confidence were measured using a questionnaire where all questions employed a five-point likertscale.
Instrumentation and Materials
At the start of the academic semester, one of the authors provided the participants with an overview of the experiment (including PP) in one of the course lectures. During that lecture, consent forms and participant information sheets (PIS) were distributed for signing. The PIS described important information regarding the experiment and highlighted its major purpose.
Participants' personality traits were measured using a short version of the IPIP-NEO 1 because this short version had been reported to measure exactly the same traits and to also present acceptable measurement reliability as the more detailed version of IPIP-NEO [26] . The personality test consists of 120 items which descriptions were authored by John A. Johnson [26] . The test produces scores in a numerical scale, with 0 and 99 representing the lowest and the highest scores for each factor, respectively. The grouping of participants per neuroticism level (see Table 2 ) was done based on the distribution of scores for the neuroticism trait. This was done in order to provide a more balanced number of subjects within each group. In addition to the online personality test, participants were administered with a pre-test questionnaire to gather their demographic information as well as their programming competency level. In addition, short questionnaires were given to the students during each of the PP sessions in order to measure their satisfaction and confidence level working with their partner.
Inline with the University's requirements, we have obtained the approval of the University of Auckland's Human Participants Ethics Committee for this study prior to performing the data collection.
Experimental Setup
The experiment took place during the compulsory weekly tutorial sessions of the COMPSCI 101 course, run by a tutor and a few Teaching Assistants (TAs). We followed the same procedure carried out in our previous study [48] , where each of the tutorial sessions was treated as an independent formal experiment. Students' personality and demographic data were gathered at the start of the semester. An online version of the IPIP-NEO was used to measure students' personality against the FFM. The results of the personality profiling were then used to allocate partners. For this purpose, the scores on the neuroticism trait were used to assign paired students in three possible groups, representing three different levels of neuroticism: low, medium and high.
In every tutorial, pairs were allocated randomly within each group. Thus a "single-factor between-group design" [38] was the research design employed in this study. Every tutorial lasted for two hours where the first 45 minutes were used by the tutor to explain the topic, and the remaining 75 minutes were allocated for students to solve the exercises in pairs. To allow for "pair-jelling" [56] , students worked with their partner for an initial period of 30 minutes; and then they were required to swap their roles.
Before the end of each tutorial, students provided feedback about working with their partner by filling out a short questionnaire. Students reported their satisfaction level by answering a question "Please rate how satisfied are you working with your partner" on a scale from 1 (very dissatisfied) to 5 (very satisfied). Students reported their confidence level by answering a question "How do 1 The test can be accessed at this public domain URL: http://www.personal.psu.edu/j5j/IPIP/ you rate your level of confidence solving the exercises with your partner?" on a scale from 1 (very low) to 5 (very high). The exercises given during the tutorials were graded, thus contributing towards their final grade. In addition, assignments and test were also graded, however completed individually.
The outcomes measured from the experiment were determined by the scores on the tutorial exercises, three assignments, a mid-term test and final exam. During the tutorial sessions, students were required to solve a minimum two programming problems with the assigned partner. Since tutorials varied from week to week, the experiments were designed in such a way as to minimize the effect of confounding factors due to differences in the tasks and level of complexity of the exercises assigned to the students. Therefore, the tasks and exercises remained the same throughout each week.
RESULTS

Subjects
A total of 270 students were enrolled in the course. Of these, 202 were male students (74.8%), and subjects' age ranged from 19 to 47 years old (the mode age = 19 years). Of the 81 students who answered the demographics questionnaire, 64 students (79%) did not have any previous work experience. Only 77 out of 270 students (29%) declared Computer Science as their major. Of the 270 students, 118 students (44%) completed the personality test and have taken either the mid-term test or final exam. Therefore, the sample size used in our analysis was of 118 students.
The boxplot in Figure 1 shows the distribution of personality data for all the five traits. The box represents the middle 50% of the scores, with the upper and the lower tails indicating the 75 th and 25 th percentiles, respectively. The line drawn across the box shows the median value. Figure 1 shows that the median scores for neuroticism and agreeableness are considerably higher than those for the other factors, whereas the median score for openness is the lowest. The outliers represent cases where the openness trait score is very high (i.e. above 74). Figure 2 shows the distribution of tutorial scores for each of the neuroticism levels. All boxplots showed similar medians, where the flattest distribution belonged to the medium neuroticism group, followed by the low neuroticism group. The outliers present in the low neuroticism group represent students who did not regularly attend the tutorial sessions thereby missing some of the exercises; outliers for the high neuroticism group represents 22% of the students who obtained marks lower than 9.0. This indicates students in the high neuroticism group presented higher scores in tutorial exercises than their counterparts. Figure 3 shows the boxplot of assignment scores by neuroticism level. The median for the high neuroticism group was higher than the other two, followed by the low neuroticism group. The maximum possible scores for the tutorial and assignments were 10 and 15 respectively.
Correlational Analysis
Figure 2: Comparison of tutorial scores between groups
Figure 3: Comparison of assignments scores between groups
In terms of the midterm test scores, the median for the high neuroticism group was slightly higher than the other two (see Figure 4 ). In addition, the flattest distribution was observed for the medium neuroticism group, suggesting this group was more heterogeneous compared to the other two groups. The outliers in this boxplot showed cases where the midterm score was lower than 20%.
A similar pattern was observed regarding the medians of final exam scores (see Figure 5) . However, in this case, all three distributions have similar dispersion, and there are no outliers. The maximum possible scores for mid-term and final exam were both 100.
Figure 4: Comparison of mid-term scores between groups Figure 5: Comparison of exam scores between groups
In order to measure the strength of association between neuroticism levels and academic scores we employed the Pearson's correlation coefficient ( = 0.05) (see Table 3 ). A parametric test was chosen because the sample size used in our study was not considered small [42] . No statistically significant association was found between neuroticism and any measure of academic performance. As Table 3 shows, we also measured the level of association between the other four personality traits and students' academic performance. These results showed a statistically significant correlation between participants' conscientiousness levels and performance in tutorial, assignments, and test scores: r(118) = 0.29, p<0.01 for tutorials, r(116) = 0.19, p<0.05 for assignments, and r(116) = 0.19, p< 0.05 for test.
The positive significant correlation between conscientiousness and assignments was consistent with those from our previous study [46] . The findings regarding conscientiousness were also corroborated with those reported in the psychology literature (e.g. [11] , [9] , [20] ) which suggest conscientiousness as a consistent predictor for academic performance due to the nature characteristics of highly conscientious individuals (i.e. persisting, achieving, grades orientation etc.) Table 3 : Correlation between traits and academic performance 
Analysis of the Hypothesis Testing
The hypothesis investigated herein was tested using the one-way between-group analysis of variance (ANOVA) ( = 0.05) in order to compare the effects of three levels of neuroticism on paired students' academic performance. Table 4 shows the values for the mean scores and standard deviations for each neuroticism level.
The mean values for all neuroticism levels were quite similar for tutorial scores, however this trend was not observed for the other performance measures. The ANOVA results (see Table 5 ) showed that at the p < 0.05 level there was no statistically significant difference in academic performance between the three groups of neuroticism (i. Our results indicated that we could not find strong support to reject the null hypothesis. Therefore, based on our data, we found that paired students academic performance was not significantly affected by differences in neuroticism levels. 
Results on Satisfaction and Confidence
We gathered data on paired students' satisfaction and confidence working with their partner using a questionnaire distributed during the tutorial sessions. These data were gathered for eight weeks. We did not gather the data for the first two weeks in order to give students ample time to familiarize themselves with PP. Data were analyzed separately as each tutorial was treated as a single independent "mini-experiment". The dependent variable satisfaction was measured on a scale from 0 (very dissatisfied) to 5 (very satisfied); and confidence level was measured on a scale from 0 (very low) to 5 (very high).
The response rate of the post-experimental questionnaire was approximately 42% for every tutorial. On average, 60 (84%) out of an average of 72 students attending the tutorials, were satisfied working with their partner. Table 6 shows the mean rank for the Kruskal-Wallis test ( = 0.05) which was used to compare the satisfaction rates between the neuroticism levels. The group with the higher rank indicates the higher rates for satisfaction. Overall results demonstrated that the satisfaction levels of paired students were not affected by different levels of neuroticism. Of eight weeks of tutorials, only the last tutorial (Tutorial 10) showed a significant difference in satisfaction across the three levels of neuroticism: χ 2 (2, 68)=13.12, p=0.001. Nevertheless, these data also show the trend that, according to their mean rank, paired students with low neuroticism had higher satisfaction compared with the other two neuroticism levels. Table 7 shows the mean rank for paired students' confidence level based on the analysis of the returned surveys. There was only one tutorial that presented a significant difference of confidence level across the three groups (Tutorial 4): χ 2 (2, 95)=10.69, p=0.005. This particular result indicates that the low neuroticism group obtained the highest confidence level compared with others. Overall, we found that confidence in solving the exercises was generally high among the low and medium neuroticism groups. These results suggest the tendency of students of lower or moderate neuroticism to believe in the correctness of their programming solutions compared to the high neuroticism pairs. 
DISCUSSION
Although neuroticism is reported to be related with the tendency to have "poorer" performance in some studies (e.g. [3] , [11] , [6] ) the findings from our study do not support this view. Based on the ANOVA analysis, we did not find any significant difference in performance between paired students of different neuroticism levels. These results are consistent with other findings from previous research linking neuroticism to academic performance among students in tertiary institutions (e.g. [20] , [9] , [18] ).
In regard to the relationship between personality and team performance, a meta-analysis by Peteers et al. [43] suggests that the elevation in emotional stability (i.e. low neuroticism) is not significantly related to team performance due to the "broad concept" or wider impression represented by this trait. Instead, they proposed that the facets within the neuroticism trait (e.g. self-consciousness, impulsiveness) should be empirically tested in order to obtain a more genuine effect [43] .
Existing research evidence also suggests the potential of moderator effects which could possibly influence the personalityteam relationship [6] , [43] . One of such effects is the type or the complexity of the task engaged by the team [43] , [7] . Bowers et al. [7] suggest that the personality homogeneity of team members had very little effects on team performances, particularly on lowdifficulty tasks [7] . Thus, the lack of statistically insignificant findings in our study is probably related to the less complex tasks assigned to students. Future research should investigate the mediator variable in order to better understand the impact of personality traits on performance. For example, a qualitative study on the nature of collaboration in PP by Walle & Hannay [54] revealed some relationships between personality traits and the type of collaborations that may affect pair performance [54] .
The positive significant correlation between conscientiousness and performance in tutorials, assignments, and midterm test demonstrated in our findings indicate the tendency that students' conscientiousness level may play a role in predicting performance. This is because conscientiousness is the one consistently bearing significant positive relationship with high achievement of academic as well as team performance as also reported in the literature [3] , [17] , [43] , [44] . We also observed a similar correlation when investigating conscientiousness in our previous work [46] . Therefore we believe that future studies need to investigate further the conscientiousness trait in order to assess whether findings converge. In terms of the satisfaction level, overall results showed that differences in neuroticism levels were not significant in affecting students' contentment while working in pairs. Despite these results, lower neuroticism pairs scored higher satisfaction in most tutorials compared with the other groups (see Table 7 ). This perhaps relates to the common characteristic of low neuroticism individuals being well adjusted people and likely to excel in team settings, as reported by Driskel et al. [16] .
Threats to the Validity
One of the potential threats to the internal validity of our study relates to the issue of changing partners during the tutorial. Some students failed to turn up to their allocated tutorial and attended a different session without informing the tutor. This could have led to students being paired with students from different neuroticism groups. However, according to the tutor, these uncontrolled circumstances occurred sparingly thus minimizing the potential to bias the results.
Another potential threat relates to gender differences. As reported by Schmitt [49] , the interaction of neuroticism and gender had significant impact on self-efficacy and performance. In our study, approximately 75% of the subjects are male students; therefore we believe that the probability of such significant impact would be minimal due to the lower number of females enrolled in the course.
Another limitation refers to the fact that the performance measures used in this study may also be affected by levels of cognitive ability. In this study we used students' academic performance as surrogate measures of PP's effectiveness. Thus, there is a possibility that performance is affected by students' ability and competency in programming. However, since the study aimed to improve students' learning due to practicing PP throughout the entire semester, measuring their academic performance is in our view appropriate to our context. In addition, empirical evidence shows that the predictive power of one's cognitive ability in association with academic performance is relatively low compared to personality traits [20] . Therefore, students' cognitive ability may not have affected the results presented herein.
CONCLUSIONS AND FUTURE WORK
In conclusion, the work presented herein extends our previous work on understanding the effects of personality traits on PP's effectiveness, where effectiveness is measured as students' academic performance. The findings showed that paired students performance was not significantly affected by the different levels of neuroticism for the sample employed in this study. The lack of support for the alternative hypothesis could be attributed to the low complexity of tasks assigned to students, and perhaps the existence of moderator variables mediating the relationship between personality traits and performance.
The positive significant association shown between conscientiousness in almost all performance measures also warrants further investigation. This is because, out of the five personality factors, conscientiousness is reported to be the most significant predictors of academic performance for tertiary level students [11] , [10] . In addition, team members consisting of highly and similarly on conscientiousness are reported to achieve better performance [43] . The findings from the present study also indicate that students' satisfaction and confidence level did not differ depending on the levels of neuroticism when pairing.
Preliminary advice for educators looking to employ PP for introductory programming tasks, based on our experimental findings, is that different levels of neuroticism do not appear to significantly impact academic performance when engaging in PP. Thus, PP group formation and monitoring may be able to ignore the neuroticism levels of different students for such introductory programming tasks. The level of satisfaction with PP among pairs with high, medium and low neuroticism is broadly consistent, though lower neuroticism pairs tend to be a little more satisfied with their PP experiences. However, conscientiousness does appear to significantly associated with performance, but empirical evidence is needed to confirm the cause-and effect of this relationship.
We believe that an interesting direction for future work relates to exploring whether PP mitigates neuroticism, at least for students engaging in PP tasks. For instance, if high neuroticism students work together, or if they are paired with lower neuroticism individuals, would the pair work facilitate students to better cope with anxiety or other negative aspects of neuroticism? These questions are open for future investigation. In the future, it would also be useful to carry out replication studies of this study in order to help increase the credibility of the results, and to facilitate the generation of new knowledge [27] .
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